Purpose: High intraocular pressure (IOP) is known to result in retinal ganglion cell (RGC) loss, both with chronically raised intraocular pressure (such as with glaucoma) and with acute raises in pressure (due to injury or acute angle closure). Because IOP is often raised during ocular surgery, the purpose of this study was to evaluate the effect of transient moderate IOP on retinal function, RGC survival and the expression of Connexin 43 (Cx43) and glial fibrillary acidic protein (GFAP), ubiquitously expressed central nervous system (CNS) proteins that are known to be elevated during the retinal inflammatory response to injury.
Introduction
Transient and moderate increases in intraocular pressure (IOP) occur during many ophthalmic procedures. With Descemet's stripping endothelial keratoplasty (DSEK) IOP increases of 30-40 mmHg are seen for 5-10 minutes, [1] [2] [3] . Other commonly performed ocular procedures produce shorter IOP rises, such as laser in-situ keratomileusis (LASIK) where the IOP increases to at least 65 mmHg for up to 45 seconds, and with femtosecond laser cataract surgery where increases in the IOP up to 40 mmHg for several minutes can occur, [4] .
Despite the known common occurrence of such IOP elevations, the effects on the optic nerve and retinal function have been minimally investigated. Recently, the role of glial behaviour with increases in IOP has been investigated and is suggested to be involved in retinal ganglion cell (RGC) dysfunction, [5] [6] . A variety of proinflammatory and inflammatory protein markers that are induced by IOP elevations have been identified, [7] .
We have focused on the expression of the gap junction protein Connexin43 (Cx43) and the glial fibrillary acidic protein (GFAP) to evaluate the initial inflammatory response. GFAP is a marker for astrocytes and activated Müller cells. Astrocytes are recognised to have a role in controlling the microenvironment and providing structural and metabolic support to the optic nerve and retina, [8] [9] . Cx43 gap junction signalling and especially hemichannel opening plays a role in propagation of cell death signals after injury, [10] [11] [12] [13] [14] . Following injury to the CNS there is an astrocytic response that is well defined, where rapid proliferation is seen along with hypertrophy and changes in the expression of GFAP, as well as the upregulation of Cx43 expression, [15] [16] .
We have used electroretinogram (ERG) responses to measure retinal function. ERG responses in rats have been shown to be affected after IOP increase, with components of the ERG response showing differing levels of sensitivity to varying degrees of IOP elevation, [17] [18] . The negative and positive scotopic threshold response (nSTR and pSTR, reflecting retinal ganglion cell function) and photopic b-wave (bipolar cell function)
were the most sensitive ERG components, being consistently reduced and delayed immediately after 75 minutes of IOP increase to 30 mmHg, and were completely abolished after 75 minutes of IOP at 70 mmHg, [17] . The most resilient ERG component was the a-wave (photoreceptor function), being the only component still present after 75 minutes of IOP at 70 mmHg, [17] . At IOPs above 70 mmHg, all components of the ERG were diminished, [17] . Therefore an IOP increase seems to affect cell function in the inner retina first, at an IOP level of 30 mmHg, followed by cell function in the middle and outer retina at progressively higher IOP levels. Transient IOP increases above the systolic blood pressure for more than 1 hour have been shown to result in retinal ganglion cell (RGC), inner retinal layer and outer nuclear layer cell apoptosis, [19] and RGC loss has been reported in several other raised IOP models, [20] [21] [22] [23] [24] [25] [26] . The purpose of this study was to assess whether transient moderate elevated IOP relevant to those which patients are exposed to during ocular surgical procedures, modifies the optic nerve and retinal glial response, as well as RGC functional modification and RGC loss. 
Materials and Methods

Animals
Retinal Ganglion Cell Counts
To investigate the effects of transient raised IOP on RGC survival in the long term, whole mount immunohistochemical techniques were used. For details refer to, [25] . Eyes were enucleated and the posterior eye cup was fixed in 4% paraformaldehyde in phosphate-buffered saline, ( ERGs were recorded in a Faraday cage (custommade) using a hand-held battery-operated ERG system (EPH-01, Ephios, Sweden) simultaneously from both eyes with silver / silver chloride electrodes (custommade using a previously described method by Bui and Fortune) placed at the apex of the corneas, [27] . The EPH-01 ERG system incorporates a signal amplifier, a Eyes were lubricated using 0.5% carmellose sodium 
Retinal Ganglion Cell Density
The 
Effect of Transient Intraocular Pressure Rise on
Retinal Function
Retinal functional modifications were assessed 14 days after transiently raised IOP (Figure 4) . Figure 4A gives examples of graphs that show how measurements were read from an ERG recording and Figure with shorter time periods at higher pressures (120 mmHg sustained for 60 minutes), [25] .
No previous study has explored the effect of moderate and relatively short increases in IOP on the initial inflammatory response. We observed a mild glial inflammatory response in the anterior optic nerve. There is increasing evidence that glial cells play a pivotal role in modulating the microenvironment of the optic nerve. GFAP is recognised to be a sensitive marker of astrocyte activation in response to injury, [34] with activation of glial cells in the optic nerve head in experimental glaucoma models as well as in humans with glaucoma, [35] [36] [37] [38] . Previously, we have shown that ischemic IOP levels (120mmg, 60 minutes) led to activation of astrocytes and Müller cells in the retina at 8 hours and 3 days post-injury, [25, 39] . In that study, as in the present study positive control group, this is associated with subsequent RGC death.
Cx43 has been shown to be up-regulated in both the GCL and anterior optic nerve in human glaucoma retinas, [37] and in the GCL 3 days after animals were subjected to partial optic nerve transection, coinciding with the timing of RGC loss, [40] .
An ischaemic IOP increase to 120 mmHg for 60 minutes To make comparisons between the human and rat eye, one should consider the differences in anatomy and morphology. In the rat, the diameter of the optic nerve head is smaller than in humans (about nine times smaller), [42] . Like humans, the rat does have a lamina cribrosa-like structure, but the quantity of the lamina cribrosa seems to be dependent on rat strain. Collagen types I, III, and IV are found in the lamina cribrosa. In rats the lamina cribrosa is composed of more type IV collagen fibres than humans. Type I and III fibres are interstitial collagens, whereas type IV is a basement collagen, [43] . Thus, there may be differences in the biomechanical properties of the lamina cribrosa between these species. However, a study done by one group looked at the changes in the optic nerve head in aged rats and found that the changes were similar to those found in the human lamina cribrosa, thus concluding that the rat model was useful for studying the influence of age on the onset of glaucoma, [42] . The blood vessels and rats, with the average cell number being between 72,000 and 113,000 in rats and between 700,000 and 1,500,000 in humans, [42] .
In humans ophthalmic surgery is usually carried out under local anaesthetic, so the impact of general anaesthesia on RGC survival should also be taken into consideration. A number of studies have looked at the effect of general anaesthesia on retinal response and it has been found that there are differing effects on the ERG depending on the anaesthetic used. One group showed that ketamine/xyalazine with pancuronium was the best combination to minimise eye movement and maximise retinal function, [44] . While another group
showed that Medetomidine prolonged the implicit time 
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